Objective: Previous studies have indicated that antibody formation against octreotide is extremely rare. We examined the occurrence of octreotide antibody formation after treatment with three administration forms in large populations of patients with acromegaly or carcinoid syndrome. Design: (i) Nasally administered octreotide: 70 previously untreated patients and 81 previously s.c. octreotide-treated patients participated. (ii) Subcutaneously administered octreotide: 172 acromegalic patients and 59 patients with carcinoid syndrome treated for up to 12 years participated. (iii) Intramuscularly administered depot octreotide (Sandostatin LAR): 62 acromegalic patients participated. Methods: Presence of antibodies is de®ned as increased precipitation by polyethylene glycol of 125 Ioctreotide after incubation with serum; this was also used for screening of cross-reaction with somatostatin and lanreotide (Somatuline). Results: In patients who received nasal octreotide for at least 9 and up to 12 months (n 42), the occurrence of octreotide antibodies was 77% and 81% for previously untreated and treated patients respectively. In subcutaneously treated patients it was 63/231 (27%) after a mean exposure of 3 years. In patients treated for more than 5 years (n 53) it was 57% and after 8 years (n 18) 72%. In contrast, no patient could with certainty be identi®ed to be antibody-positive after a mean of 2.5 years intramuscular Sandostatin LAR treatment (n 47). In all populations, the antibody-positive patients were as well controlled as the antibody-negative patients. Octreotide antibodies did not cross-react with native somatostatin (n 141), while about 25% of the antibody-positive sera did cross-react with the somatostatin analogue, lanreotide (Somatuline, Ipstyl, Angiopeptin). Conclusions: Antibody formation against octreotide is much more frequent than previously believed. It depends primarily on drug exposure time and route of administration. It does not alter the GH/IGF-I status in treated acromegalic patients and induces only mild local reactions in some patients.
Introduction
Antibody formation against exogenous hormones has been well known for several decades (1±3) and is best studied for insulin. More than 40 years research in this ®eld has shown no ill effects except for very rare cases of insulin resistance and allergy and occasional local skin manifestations at injection areas (4) .
Eight cases have until now been published of antibodies developing against octreotide during subcutaneous administration; this occurred within 4 years of treatment (5±8). In view of the fact that several hundred patients have been in prolonged treatment with octreotide since it was introduced in 1985, the incidence appears to be low using the subcutaneous route. Only 2 studies comprising 20 patients have been carried out speci®cally looking for octreotide antibodies using acceptable speci®c analyses, and none was found in patients treated for up to 3 years (9, 10) . However, as the presence of antibodies was symptomless in the 2 patients we originally described, we supposed that the true incidence may be higher (6) .
The present study has validated a simple precipitation technique for identifying antibodies against octreotide in large populations of patients with acromegaly and carcinoid syndrome, and it has been used for the evaluation of the effects on octreotide ef®cacy as well as for establishing the incidence and time course of antibody development during treatment with three different octreotide formulations.
Materials and methods

Patients
Nasal application (study 1) In the present study, we investigated if and when serum octreotide antibodies appeared during at least 28 and up to 360 days of treatment with octreotide given by nasal application. The population consisted of 70 acromegalic patients who according to the study protocol had never been treated with octreotide before, and 81 patients who had already been on subcutaneous treatment for up to 8 years.
The previously untreated patients received 0.25 mg t.i.d. nasal octreotide after study entry, doubling the dose every 14 days up to 2 mg t.i.d. If the 8-h mean serum growth hormone (GH) level remained at <5.1 mg/l the patient continued on the dose. From day 42 to day 182 the dose was maintained constant. After day 182 the patients were treated according to their status. The patients were admitted at days 2, 15, 29, 43, 90, 182, 274, 360 and 362 for insulin-like growth factor-I (IGF-I) determination and 8-h serum GH pro®les. These determinations were performed in our laboratory, which functioned as the central laboratory of the multicentre trial.
All previously treated patients were selected according to the study protocol and included only those patients who had an average 8-h GH <5 mg/l on 100 mg s.c. octreotide t.i.d. The study was double blind for six months, with the patients randomized to receive 0.25, 0.5 or 1 mg t.i.d. octreotide by intranasal insuf¯ation or 100 mg t.i.d. subcutaneously (controls). From days 182 to 360 the patients were in an open-label extension study treated according to their status and received only exceptionally the 2 mg dose. It was planned that all controls on s.c. octreotide should be switched to nasal octreotide at the end of the double-blind study. For the statistical evaluation, all controls who never switched to the nasal treatment were excluded. The patients were admitted on day À14 (screening on s.c. octreotide), day 0 (after a 3±14 days washout period), and days 14, 28, 56, 84, 182, 274 and 360 for 8-h serum GH pro®les and IGF-I determination. All patients who already harboured octreotide antibodies at study entry (previous s.c. treatment) were excluded and were taken into account in study 2.
For both groups local nasal effects were evaluated by a rhinoscopic examination of the nasal cavity and an assessment of the sense of smell at each visit by an ear, nose and throat specialist.
The nasal formulation was in clinical use only in 1992±1994 and it was abandoned by Sandoz due tò suboptimal' local tolerability, even though ef®cacy and systemic tolerability were adequate.
Subcutaneous treatment (study 2) The occurrence of octreotide antibodies in patients on subcutaneous octreotide treatment lasting at least 3 months and up to 12 years was studied in serum samples from 38 acromegalic patients in our clinic, 116 acromegalic patients who were screened for participation in the European nasal multicentre trial, 18 Italian acromegalic patients before entering a European multicentre study with Sandostatin LAR and 59 patients with carcinoid syndrome before entering a US multicentre trial with Sandostatin LAR.
Slow release octreotide (study 3) The occurrence of antibodies in 47 acromegalic patients (from Romania (n 24), Italy (n 12), Denmark (n 7) and UK (n 4)) after up to 3 years treatment with Sandostatin LAR was studied. The patients from Italy, UK and Denmark had previously been treated with subcutaneous octreotide for a longer period (mean exposure time 6 S.E.M.: 34 6 7 months, data not available for 4 patients), but did not harbour detectable antibodies at study entry. To avoid problems implicit in using previously long-term treated patients, twenty-four Romanian patients who had only a 2-week s.c treatment period prior to LAR were also included. In 13 of them we were able to study washout samples (taken 62 days after their last LAR injection). For the remaining 11 patients we received samples collected about 3 months after termination of the LAR study, the patients being treated meanwhile with s.c. octreotide.
Furthermore, we studied retrospectively sera from 15 acromegalic patients who already harboured octreotide antibodies before study entry (i.e. attained during previous intranasal or subcutaneous administration) with special reference to ef®cacy and (local and systemic) tolerability.
All the different studies were approved by the local ethics committees, and written informed consent was obtained from the patients.
Assays
GH analyses were performed during 6-to 8-h GH pro®les (one sample per hour) and analysed consecutively by a commercial non-competetive time-resolved immuno¯uorometric human (h) GH assay (TR-IFMA, Del®a, Wallac, Finland) using two monoclonal antibodies directed against different sites of the 22 kDa variant of hGH.
Total IGF-I was determined (in fasting morning samples before drug administration) by an in-house TR-IFMA after acid-ethanol extraction of serum, as described previously (11) .
Screening for octreotide antibodies was performed retrospectively and prospectively in fasting serum samples taken just before administration of the morning nasal or subcutaneous dose or in the ®rst sample from washout days.
Presence of octreotide antibodies is de®ned as a precipitation of iodinated octreotide ( 125 I-DTyr 1 )-octreotide, ANAWA, Wangen, Switzerland) diluted in 200 ml phosphate buffer with NaN 3 0.05%, 40 mmol/l, pH 8.0), (10 000 c.p.m.), which had been incubated in triplicate with 30 ml serum samples at 4 8C for 48 h, greater than the average percentage precipitation attained in 7 control sera plus 3 S.D., using addition of 100 ml new-born calf serum (to facilitate gammaglobulin precipitation) and then 1.8 ml 20% polyethylene glycol (PEG 6000 in phosphate buffer 40 mmol/l, pH 8.0) with 0.5% Tween 20 (both Merck, Darmstadt, Germany) and centrifugation (3600 r.p.m. at 4 8C for 18 min). This method relies on precipitation of large proteins (molecular mass greater than approximately 70 kDa) and is therefore not speci®c for gammaglobulins. However, PEG has been used for decades in RIA for precipitation of labelled antigens bound to speci®c antibodies (12, 13) . The validity of the method in the present context is supported by the fact that increased precipitation of added 125 I-octreotide was never observed in serum from normal or from acromegalic patients who had not received octreotide, or in the initial phase of the conventional subcutaneous treatment.
Furthermore, the bound labelled octreotide and lanreotide could be displaced by`cold' octreotide as shown in Fig. 1a and b. A similar method with PEG separation was used for these in vitro displacements.
PEG separation was used also for estimation of crossreactivity in sera containing octreotide antibodies employing iodonated somatostatin, 
Data analysis
Comparison of patients with vs without octreotide antibodies, previously untreated vs previously treated patients and values before and after antibody formation was performed using Student's t-test (parametric data) or Mann±Whitney rank sum test (non-parametric data). Results were expressed as means 6 S.E.M. or as medians (10±90% percentile). The analyses of local side effects were performed by using Chi-square and Fisher Exact test. A P value <0.05 was considered statistically signi®cant. We used the updated Sigma Stat (V.1.02) programme (1993 Jandel Scienti®c, Erkrath, Germany).
Results
The unspeci®c coprecipitation of 125 I-octreotide in antibody-negative samples (controls) varied from batch to batch of label and with age of label, and was therefore determined at each set-up. It varied from 4.7% 6 0.5% to 8.6% 6 1.72% (S.D.).
In the antibody-positive patients the precipitation of 125 I-octreotide varied from 6.6% to 90% (before subtraction of unspeci®c coprecipitation). The average value (at maximum level for any patient) was 32%.
Study 1 (nasally octreotide treated patients)
Occurrence of antibodies Using the above de®nition, 39 out of 70 patients (56%) developed antibodies in the previously untreated group, and 49 out of 81 patients (61%) in the group previously treated with subcutaneous octreotide.
The occurrence of antibody formation increased with time. In the previously treated group the occurrence was as high as 81% (13 out of 16 patients) for those patients who completed the study. The corresponding occurrence for the previously untreated group was 77% (20 out of 26 patients). The temporal occurrence is illustrated in Fig. 2 . Antibody formation occurred most frequently after 3 to 6 months.
Exposure time The total median octreotide exposure time for patients who developed antibodies on nasal treatment vs patients who did not was 274 (170±360) days vs 182 (43±360) days (P=0.001; n=151). Dosage We did not ®nd an unambiguous association between administered dose and antibody formation. Information about the dosages was available for 141/ 151 of the patients. There was an increasing tendency to antibody formation in patients treated within the range of 0.25 mg to 1 mg. Seventeen out of 37 patients (46%) treated with 0.25 mg, 25/41 (61%) treated with 0.50 mg and 26/32 (81%) who received 1 mg developed antibodies. Out of 31 patients treated with the 2 mg dose, however, antibody formation occurred in 17 (55%). Only 3/31 patients in the 2 mg population had previously been treated with s.c. octreotide, possibly explaining the relatively low percentage after treatment with this dose.
Ef®cacy There were no signi®cant differences in serum IGF-I or GH levels (for patients in whom an unchanged dose allowed comparison) in the last sample before and the ®rst sample after antibody development, as shown in Table 1 .
Study 2 (subcutaneously octreotide treated patients)
Occurrence of antibodies and exposure time The overall occurrence of antibodies developed during subcutaneous octreotide treatment was 63 out of 231 patients (27%) after a mean exposure time of 38 6 2.3 months (means 6 S.E.M.). Antibody-positive patients had been exposed signi®cantly longer to s.c. octreotide than antibody-negative patients, 58.5 (15.8±106) vs 20.4 (1.2±71) months (median (10±90% percentile)) (P < 0.001). In patients treated for more than 2.5 years (means6S.E.M.: 5.7 6 0.2 years) we found antibody formation in 37/106 (35%) patients. The corresponding percentage of antibody occurrence after more than 5 years (7.3 6 0.2 years, means 6 S.E.M.) was 57% (30/ 53 patients) and after more than 8 years treatment (means 6 S.E.M.: 9.1 6 0.3 years) was 72% (13/18 patients). The results obtained in the patients treated with subcutaneous octeotride in our clinic are shown in Fig. 3 . Dosage No signi®cant difference was found between antibody-positive and antibody-negative patients with regard to the previous dosage (data not shown).
Ef®cacy As we were not able, in the majority of the acromegalic patients, to compare samples with those from before antibody formation, we judged ef®cacy by comparing GH and IGF-I concentrations while on s.c. treatment in antibody-positive and antibody-negative patients. This was possible since all patients who were screened before entering the European nasal trial were treated with the same s.c. dose (100 mg t.i.d.). There were no signi®cant differences in IGF-I or GH values at screening or washout in antibody-positive versus antibody-negative patients, as shown in Table 2 . All values in Tables 1 and 2 are given as medians (10±90% percentile). All carcinoid patients were clinically (diarrhoea and ushing) well controlled by s.c. octreotide. This was an inclusion criteria for entering the LAR study.
Study 3 (intramuscularly microsphere encapsulated octreotide treated patients)
Occurrence of antibodies and exposure time Three out of 47 patients (6.4%), who did not harbour detectable antibodies in washout samples at baseline showed a very slight increase (0.3±1.2%) of the binding percentage of 125 I-octreotide after 6 intramuscular injections (after 8 months treatment). In these 3 patients the binding percentages were again normalized after the 19th injection (21 months treatment), possibly due to saturation of the weak antibodies with constantly high circulating levels of octreotide. We had no access to washout samples in these 3 patients after ®nishing the LAR study and therefore cannot conclude with certainty if they really had developed antibodies during LAR treatment.
These three patients had previously been treated for a mean of 50 6 24.7 (range 24±99) months with s.c. octreotide.
None of the remaining 44 patients developed antibodies during up to 3 years treatment with Sandostatin LAR. They had been exposed to the LAR formulation during 29 6 1 months (n 40, data not available for 4 patients).
No patient in the selected previously untreated population (n 24) developed antibodies during 33 6 0.4 months treatment. All values are given as means 6 S.E.M.
Patients who already harboured antibodies at study entry (n 15) still had antibodies at the end of the LAR trial and, as far as could be evaluated, without major changes in level. None of these patients had local or systemic tolerability problems.
As 7/14 patients treated in our clinic with Sandostatin LAR were antibody-positive already at study entry, it was possible to compare GH and IGF-I concentrations in the two groups. As shown in Fig. 4 , GH and IGF-I values were not signi®cantly different, Table 1 IGF-I (mean of 2 values) and GH changes (mean of 8 values after drug administration) in mg/I before and after antibody formation in previously treated (n 37) and previously untreated (n 37) acromegalic patients in study 1. Values are medians (10±90% percentile). neither were the administered dosages in the two populations. All patients were successfully treated.
IGF-I GH
Cross-reaction with somatostatin and another somatostatin analogue, lanreotide We examined morning serum samples from 141/151 patients with identi®ed octreotide antibodies from the ®rst two study populations (nasally and subcutaneously treated) from the study day at which the percentage of precipitated 125 I-octreotide was highest, and found cross-reaction with labelled somatostatin in none. One hundred and twenty-one of the antibody-positive sera were examined for cross-reaction with another labelled somatostatin analogue, 125 I-lanreotide. We found 32/121 (26.4%) certain cases of lanreotide cross-reaction (bound iodinated lanreotide >5%). Figure 5 shows the relationship between percentage of precipitated labelled lanreotide versus that of precipitated labelled octreotide. The precipitation activity in normal sera+3 S.D. is subtracted. However, attention should be paid to the fact that we did not measure the speci®c activity of either labelled analogue, i.e. the precipitated percentages are not directly comparable. However, it is still valid that about 25% of the sera cross-react.
Two of the patients whose sera cross-reacted had earlier been treated with a slow release formulation of lanreotide for 6 and 12 months respectively.
Side effects
Study 1 (nasally octreotide treated patients) Local symptoms (for example rhinitis, serous secretion and sneezing (up to 20 times in several patients after each suf¯ation)) were reported quite frequently by many investigators in the multicentre study. Seven out of 85 antibody-positive patients and 20 out of 59 antibodynegative patients had never had nasal symptoms throughout the study; this difference is signi®cant (P < 0.003, Chi-square test). No systemic side effects which could be associated with antibody formation were observed. Study 2 (subcutaneously octreotide treated patients) Side effects were sought in the patients treated in Denmark with subcutaneously administered octreotide. We observed no systemic effects in any patient which might be associated with immune reactions. However, in response to a questionnaire dealing with local side effects (speci®cally asking for local pain, erythema, swelling, indurations, lipoatrophy and paresthesias at the injection site) comprising 27 patients, one manifestation (indurations) turned out to www.eje.org Figure 4 Comparison of average serum GH (mean of 8 h 6 S.D.) and IGF-I in 7 antibody-positive patients at entry (X) and 7 antibodynegative (L) patients at baseline (after 3 days washout) and 28 days after the 3rd (when in steady-state), 4th, 5th, 6th, 7th, 8th, 9th, and 10th injection of Sandostatin LAR. There was no signi®cant difference in the administered dosage in the two populations (study 3). be signi®cantly more frequent in antibody-positive (14 out of 18) than in antibody-negative (1 out of 9 patients) ( Table 3) .
Study 3 (intramuscularly microsphere encapsulated octreotide treated patients) Antibody-positive patients (at entry), who were treated with intramuscularly administered depot octreotide, did not develop detectable indurations at the injection sites during LAR treatment.
Discussion
Antibody formation against octreotide is much more frequent than previously believed (5±7, 9, 10). The occurrence depends on the exposure time to the drug and the route of administration. It is particularly pronounced with intranasal insuf¯ation, by which the great majority of patients were antibody-positive within one year of treatment. Antibody appearance occurs much later in patients treated by the classical subcutaneous administration. Of note, it appears at present to be much rarer with the new microsphere enclosed formulation, Sandostatin LAR. We had the opportunity to study samples from 24 Romanian patients after the LAR study was closed; none was antibody-positive 62 days after the last LAR injection. This period may, however, be too short to exclude with certainty persistance of antibody saturation with octreotide. We have no de®nite explanation for these different occurrences with different octreotide administration forms. One suggestion may be that octreotide administered by the intranasal and subcutaneous route is, to a higher degree, removed from the administration site by lymph, while the slowly released octreotide from the intramuscular microspheres primarily diffuses into blood. A participating fact may be that the local interstitial octreotide concentrations fall drastically from nasal over subcutaneous to intramuscular application sites.
Furthermore, the galenic formulation of octreotide is different for the nasal route administration and for subcutaneous or intramuscular injection. The nasal powder contains Avicel as a carrier. It is possible that the carrier could play the role of an adjuvant leading to increased production of antibodies against octreotide. It must also be remembered that nasal octreotide insuf¯ation in itself induces an epithelial swelling lasting one hour and a feeling of nasal stuf®ness (15) ; this phenomenon may be involved in the high tendency to develop antibodies after nasal application.
The high incidence of nasal side effects in patients harbouring antibodies is probably an effect of local reactions between antigen and antibody. However, we cannot exclude the opposite association that patients with the more severe epithelial nasal reactions to octreotide are therefore more prone to develop antibodies.
In antibody-positive patients on subcutaneous treatment we observed a signi®cantly increased appearance of indurations at injection sites. In a few cases these have been quite bothersome, eventually making it dif®cult for the patients to ®nd injection sites that are not painful. No patient, however, has to our knowledge chosen to abstain from octreotide treatment for this reason. These cutaneous effects are in accordance with the local side effects previously described in two antibody-positive acromegalic patients (5, 7).
We have not been able to determine any side effects associated with the presence of antibodies in 7 antibody-positive patients (i.e. attained during previous s.c. or nasal treatment) while on intramuscularly administered octreotide (Sandostatin LAR). We have now con®rmed in a large series of patients antibody-positive after subcutaneous treatment that antibodies do not cross-react with labelled somatostatin-14. But octreotide antibodies cross-reacted in at least 25% of the patients with another labelled octapeptide, the somatostatin analogue, lanreotide. In many cases there is a relationship between high percentages of bound labelled octreotide and bound labelled lanreotide. But in some cases even with high octreotide binding (>30%) antibodies did not cross-react. It is interesting that such a small peptide as octreotide is capable of inducing antibodies directed at more than one epitope.
We have validated the PEG precipitation technique for determining the presence of octreotide antibodies in several ways. First, we obtained identical results using another classic technique for separation of free from antibody-bound antigens, namely charcoal (data not shown). Secondly, we demonstrated that labelled antibody-bound octreotide was displaced by unlabelled octreotide. Finally, we have never found antibodies in subjects not previously treated with octreotide. Note, however, that our assay possibly did not measure all anti-octreotide immunglobulins present in serum, since we used a tyrosyl-substituted octreotide analogue (which also contains a relatively large iodine molecule) for detection.
It is noteworthy that the long-term presence of octreotide antibodies induced no reduction in ef®cacy, i.e. in the suppressive effect on serum GH and IGF levels. This is probably due to the low af®nity nature of human octreotide antibodies.
The presence of antibodies may, as shown previously, change the pharmacokinetics of octreotide due to a prolonged plasma elimination rate which causes a prolonged GH suppression after s.c. octreotide (6) . In spite of the fact that octreotide antibodies have no serious adverse effects, the use of octreotide formulations of low antigenicity would seem desirable. Increasing use of the LAR preparation may diminish the incidence of octreotide antibodies.
